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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve connection 
efficiency of input/output beams even when a surface 
light emitting element and a surface light receiving 
element are used in an optical signal transmission 
system having an optical waveguide. 
SOLUTION: A high refractive index propagation control 
layer 6 with a refractive index higher than it is laminated 
on the upper surface of the clad 2 of the optical 
waveguide, and an incident side recessed surface part 7 
and an emission side recessed surface part 8 are formed 
on a part that the interface between the clad 2 and the 




high refractive index propagation control layer 6 is I ^ 

overlapped by an optical path in order to suppress the /m 
radiation of a propagation beam on the optical path from 

a light emitting element 9 to an incident side mirror 4 and the optical path from an emission 
side mirror 5 to a light receiving element 10. Since the propagation beam going toward the 
incident side mirror 4 and the light receiving element 10 is converged by the refractive index 
of the high refractive index propagation control layer 6 and the lens effect of the recessed 
surface part, the connection efficiency is improved, and reliability in signal transmission is 
improved. In the case of laminating the propagation control layer of the refractive index lower 
than this on the clad 2, a projected surface part instead of the recessed surface part is 
formed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]To at least one [ which results to said photo detector from an optical path in which it is 
lightwave signal transmission systems characterized by comprising the following, and results / 
from said light emitting device / to said incidence side mirror member, and/or said emission 
side mirror member ] halfway part of an optical path. Lightwave signal transmission systems 
provided with shape as which it is placed between by propagation control layer which consists 
of material in which said clad part differs from a refractive index, and an interface of this 
propagation control layer and this clad part may complete propagation light towards said 
reflection side mirror member and/or said photo detector. 

An optical waveguide which consists of a core part and a clad part which surrounds this core 
part, and extends in field inboard of this substrate on a substrate. 

A light emitting device for entering light in a thickness direction of a base also including said 
clad part. 

An incidence side mirror member for bending a direction of movement of light from said light 
emitting device, and making it enter into said optical waveguide. 

A photo detector for receiving catoptric light by emission side mirror member which bends a 
direction of movement of light emitted from said optical waveguide to a thickness direction of a 
base also including said clad part, and said emission side mirror member. 

[Claim 2]Said propagation control layer which consists of material with a larger refractive index 
than said clad part, The lightwave signal transmission systems according to claim 1 , wherein 
an interface of this propagation control layer and this clad part which it is placed between 
halfway parts of an optical path from said light emitting device to said incidence side mirror 
member, and overlap with this optical path is made into a convex toward this incidence side 
mirror member. 
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[Claim 3]Said propagation control layer which consists of material with a larger refractive index 
than said clad part, The lightwave signal transmission systems according to claim 1, wherein 
an interface of this propagation control layer and this clad part which it is placed between 
halfway parts of an optical path which result from said emission side mirror member to said 
photo detector, and overlap with this optical path is made into a convex toward this emission 
side mirror member. 

[Claim 4]Said propagation control layer which consists of material whose refractive index is 
smaller than said clad part, The lightwave signal transmission systems according to claim 1, 
wherein an interface of this propagation control layer and this clad part which it is placed 
between halfway parts of an optical path which result from said light emitting device to said 
incidence side mirror member, and overlap with this optical path is made into a convex toward 
this light emitting device. 

[Claim 5]Said propagation control layer which consists of material whose refractive index is 
smaller than said clad part, The lightwave signal transmission systems according to claim 1, 
wherein an interface of this propagation control layer and this clad part which it is placed 
between halfway parts of an optical path which result from said emission side mirror member 
to said photo detector, and overlap with this optical path is made into a convex toward this 
photo detector. 

[Claim 6]Said core part, said clad part, and the lightwave signal transmission systems 
according to claim 1 , wherein said each of propagation control layers consists of polymer 
materials. 

[Claim 7]A manufacturing method of lightwave signal transmission systems characterized by 
comprising the following. 

An optical waveguide which extends on a substrate at field inboard of this board. 
The 1st process of forming an incidence side mirror member and an emission side mirror 
member for being allotted to the incidence edge [ of this optical waveguide ], and emitting end 
side, respectively, and bending an optical path between a thickness direction of a base, and 
field inboard of a substrate. 

The 2nd process of forming a concave part by removing selectively a layer part of a clad part 
of said optical waveguide [ above said incidence side mirror member and/or said emission side 
mirror member]. 

The 4th process of allocating the 3rd process of laminating a propagation control layer which 
consists of material with a bigger refractive index than said clad part all over a base, a light 
emitting device which emits light towards said incidence side mirror on said propagation 
control layer, and a photo detector which receives light from said emission side mirror. 

[Claim 8]ln said 2nd process, an etching mask which has an opening above said incidence 
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side mirror member and/or said emission side mirror member is formed in the surface of said 
clad part, A manufacturing method of the lightwave signal transmission systems according to 
claim 7 forming said concave part by etching a layer part of this clad part expressed in this 
opening isotropic. 

[Claim 9]A manufacturing method of the lightwave signal transmission systems according to 
claim 7 forming a clad part of said optical waveguide using a photosensitive material at said 
1st process, and forming said concave part by performing selective exposure and a 
development which passed a photo mask at said 2nd process. 

[Claim 10]A manufacturing method of the lightwave signal transmission systems according to 
claim 7, wherein each forms said optical waveguide and said propagation control layer using a 
polymer material. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionJIn the lightwave signal transmission systems which have an optical 
waveguide, this invention raises the coupling efficiency of input-and-output light, also when 
using a surface light element and a field photo detector, and it relates to the structure which 
enables stable lightwave signal transmission, and the method of manufacturing this simple. 
[0002] 

[Description of the Prior Art]These working speeds and accumulation scales improve by 
progress of IC art or LSI technology, and highly-efficient-izing of microprocessor ** and large 
scale-ization of a memory chip are progressing quickly. Under such a situation, a high speed 
and densification, and electric wiring delay of signal wiring pose an obstacle for the above- 
mentioned highly-efficient-izing. As art which can solve this problem, optical interconnection 
(optical wiring) attracts attention. Although it is thought that application to various hierarchies, 
such as between the chips between the boards between apparatus devices and in an 
apparatus device and in a board, is possible for optical wiring, the lightwave signal 
transmission systems which make an optical waveguide a transmission line are effective in a 
comparatively short-distance signal transmission like [ during a chip ], for example. 
[0003]Here the optical wiring which uses an optical waveguide For example, when applying to 
the transmission line for multi chip modules (MCM) to which between LSI is connected, When 
using as the light emitting device of the transmitting side end face luminescence type the laser 
diode (LD) and light emitting diode (LED) which are well used from the former, this light 
emitting device can be allotted to near [ of the incident end face of an optical waveguide ]. 
However, when using the laser diode of the surface-emitting type of vertical cavity mold face 
luminescence laser (VCSEL) advantageous to power-saving or the formation of a field array 
etc. as a light emitting device, a structure top is difficult for taking the above arrangement. 
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Since this is a field photo detector when using a photo-diode as a photo detector, it is difficult 
to allot too near [ of the emitting end surface of an optical waveguide ]. 
[0004]As one of the solution of this, as shown in drawing 12 , a light emitting device and a 
photo detector are arranged above an optical waveguide, and the lightwave signal 
transmission systems considered as the composition which bends an optical path using a 
mirror member between the thickness direction of a base and the field inboard of a substrate 
also including this optical waveguide are known. In drawing 12 , the optical waveguide which 
extends in the field inboard is formed on the substrate 31. This optical waveguide surrounds 
the core 33 by the clad 32 which consists of material whose refractive index is lower than this. 
In a process top, the above-mentioned clad 32 is divided and formed in the lower clad layer 
32L and the upper clad layer 32U. The incidence side mirror 34 and the emission side mirror 
35 which have the light reflection surface sloping 45 degrees are arranged on the incidence 
edge [ of the core 33 ], and emitting end side from a substrates face, and the light emitting 
device 36 and the photo detector 37 are arranged on these upper parts, respectively. 
[0005]The above-mentioned light emitting device 36 places a light-emitting surface upside 
down, and is mounted in the upper surface of the clad 32. As shown by the figure Nakaya seal, 
the light emitted from this light emitting device 36, After following the inside of the clad 32 to 
the thickness direction (downward direction) of a base first, being continuously reflected with 
the incidence side mirror 34, entering into the core 33 and spreading the inside of this core 33, 
it is reflected with the emission side mirror 35, he follows a direction of movement to the 
thickness direction (rising direction) of a base, and it enters into the photo detector 37. In 
drawing 12 , it is drawn so that light may go the inside of the above-mentioned core 33 straight 
on, but this is an expedient top of a graphic display to the last, and it cannot be 
overemphasized that it spreads while the light which entered within the limits of the 
predetermined critical angle actually repeats total internal reflection by the interface of the core 
33 and the clad 32. 

[0006]The manufacturing process in the case of forming the optical waveguide of these 
lightwave signal transmission systems using a polymer material is as outline follows. First, on 
the substrate 31 which consists of materials, such as silicon and glass, as shown in drawing 
10, For example, a core layer with a high refractive index is laminated in this order by a spin 
coat and heat treatment rather than the lower clad layer 32L and this lower clad layer 32L, then 
this core layer is patterned, and the core 33 is formed. This patterning is performed by the dry 
etching through the metal mask which is not illustrated, for example. 

[0007]Next, as shown in drawing 11 , the incidence side mirror 34 and the emission side mirror 
35 are arranged to the incidence edge [ of the above-mentioned core ], and emitting end side. 
About both these mirrors 34 and 35, by drawing 11 , it is illustrated as the reflection film is 
laminated on the inclined plane of the suitable substrate which has triangular sectional shape, 
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but this is also an expedient expression, and the inclined plane of a substrate may be used as 
a reflector as it is, without forming a reflection film. When forming this substrate using the same 
material layer as the core 33, in the stage shown in drawing 10 shown above, it can also leave 
the portion which serves as this substrate to the both ends of the core 33. The upper clad layer 
32U is evenly formed through a spin coat and heat treatment all over a base. Besides, the part 
cladding layer 32U consists of the same material as the lower clad layer 32L, and constitutes 
the clad 32 which has two incomes with this lower clad layer 32L, and encloses the core 33. 
Then, in the upper surface of this clad 32, if the light emitting device 36 and the photo detector 
37 are mounted in the position which meets the incidence side mirror 34 and the emission side 
mirror 35, respectively, the lightwave signal transmission systems shown in drawing 12 shown 
above can be constituted. 
[0008] 

[Problem(s) to be Solved by the lnvention]However, the light from the light emitting device 36 
has an certain amount of angle of divergence, and is emitted, and the light from the emitting 
end of the core 33 is also emitted with an certain amount of angle of divergence. For this 
reason, in order to raise the coupling efficiency of the light between the components of 
lightwave signal transmission systems, it is necessary to optimize the distance between the 
light emitting device 36 and the incidence side mirror 34, and the distance between the 
emission side mirror 35 and the photo detector 37 according to the above-mentioned angle of 
divergence. 

[0009] However, even if this optimization is performed to one certain waveguide, in the 
lightwave signal transmission systems of a lamination type, the problem that coupling 
efficiency differs between each class will arise. This problem is explained referring to drawing 
13. Drawing 13 is an example of the lightwave signal transmission systems by which the 
optical waveguide of three layers was laminated by the thickness direction of the base. The 
component of the 1st layer which is a layer right above the substrate 41 side The clad 42a, the 
core 43a, The incidence side mirror 44a, emission side mirror 45a; The component of the 2nd 
layer on it Clad 42b, The core 43b, the incidence side mirror 44b, emission side mirror 45b; Let 
the components of the 3rd layer on it be the clad 42c, the core 43c, the incidence side mirror 
44c, and the emission side mirror 45c further. The light emitting devices 46a, 46b, and 46c and 
the photo detectors 47a, 47b, and 47c corresponding to these each class are arranged by the 
upper surface of the clad 42c, respectively. Each of each components of these lightwave 
signal transmission systems follows a spacial configuration which does not block the optical 
coupling of other layers mutually. 

[0010]Here, when all of the performance of the light emitting devices 46a, 46b, and 46c have 
an angle of divergence of a same and equal light and all of the performance of the photo 
detectors 47a, 47b, and 47c have same and equal light-receiving sensitivity, coupling 
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efficiency will fall [ light path length's longer layer ]. That is, by the 2nd layer, even if the light 
from the light emitting device 46c can reach even to the photo detector 47c through the core 
43c in the 3rd layer efficiently, in order that the light introduced into a core under the influence 
of an angle of divergence at 43b may decrease, the amount of light incidence to the photo 
detector 47b decreases. The decline in this coupling efficiency will be further aggravated about 
the 1st layer in which light path length is still longer. Then, the coupling efficiency of light is 
improved and an object of this invention is to provide the simple manufacturing method to the 
lightwave signal transmission systems which cancel the light-path-length dependency also 
when an optical waveguide is laminated, and make the stable signal transmission possible. 
[0011] 

[Means for Solving the ProblemJLightwave signal transmission systems of this invention, It is 
made as [ change / using a mirror member provided in the incidence edge / in an optical 
waveguide which extends in field inboard of a substrate /, and emitting end side, respectively / 
a direction of movement of light in an inside of this optical waveguide, and a direction of 
movement of propagation light in front and back stages of this optical waveguide ], To at least 
one halfway part of an optical path in which it results [ from a light emitting device ] to an 
incidence side mirror member, or an optical path in which it results [ from an emission side 
mirror member ] to a photo detector. A propagation control layer which consists of material in 
which a clad part of an optical waveguide differs from a refractive index is made to intervene, 
And it is made as [ raise / coupling efficiency ] by giving an incidence side mirror member and 
a certain shape as which it is and propagation light may be completed at least towards one 
side of a photo detector to an interface of this propagation control layer and this clad part. 
[0012]as the structure of the above-mentioned lightwave signal transmission systems - 
especially - achievement from a viewpoint of a manufacturing process - what is considered to 
be easy, It is the structure where an interface between a propagation control layer and a clad 
part is made into a convex toward either [ at least ] an incidence side mirror member or an 
emission side mirror member, and a refractive index of a propagation control layer is moreover 
made larger than a refractive index of a clad part. It is because this convex can be formed if a 
layer part of a clad is removed selectively. 
[0013] 

[Embodiment of the InventionJThe effect by the refractive index of the propagation control layer 
by which it is placed between the halfway parts of the optical path in which the lightwave signal 
transmission systems of this invention result [ from a light emitting device ] to an incidence side 
mirror member, the optical path in which it results [ from an emission side mirror member ] to 
said photo detector, or the optical path of both these, With combination with the effect of the 
interface shape of this propagation control layer and this clad part, the convergency of the 
propagation light in the thickness direction of a base including this clad part is raised. It may be 
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placed between one halfway parts of the above-mentioned optical paths by the propagation 
control layer, and one of the two's coupling efficiency improves to some extent. However, it is 
obvious that the direction in the case of being placed between both optical paths can raise the 
coupling efficiency of the whole system. Especially in the most general formation process of a 
thin film on a base, since this thin film is laminated all over a base unless it patterns, if a 
propagation control layer is laminated all over the surface of a clad part, this layer will 
intervene on both optical paths inevitably. 

[0014]You may be placed between what kind of places of an optical path by the above- 
mentioned propagation control layer, as long as it contacts the clad part which differs in a 
refractive index, and directly and an interface can be formed. Therefore, a propagation control 
layer does not necessarily need to constitute the outermost layer part of a base. The shape of 
the above-mentioned interface of the portion which overlaps with an optical path changes with 
size relation of the refractive index of a propagation control layer and a clad part. That is, when 
the refractive index of a propagation control layer is larger than the refractive index of a clad 
part, let the above-mentioned interface be a convex toward an incidence side mirror, emission 
side mirrors, or these both. On the contrary, when the refractive index of a propagation control 
layer is smaller than the refractive index of a clad part, let the above-mentioned interface be a 
convex toward a light emitting device, photo detectors, or these both. 
[0015]By the way, as conditions required of the clad part which constitutes an optical 
waveguide, a core part, and the propagation control layer further provided in this invention, 
That transparency is high and there is little waveguide loss, there being little aging of a 
refractive index or volume, and excelling [ in heat resistance ]-in consideration of solder 
mounting of luminescence and photo detector ** are mentioned. As a material which fulfills 
these conditions, polymer materials, such as ultraviolet curing resin, such as an epoxy system 
and acrylic, and polyimide, are known for the inorganic material with quartz and organic 
materials. Especially a polymer material is low-cost, production by a low temperature process 
is possible, and, moreover, it has the merit that the correspondence to large-area-izing is also 
easy. 

[0016]What is necessary is just to form a concave part in the layer part of a clad part by a 
certain method, in making the interface of a propagation control layer and a clad part into a 
convex toward either [ at least ] an incidence side mirror or an emission side mirror. The way 
divide roughly and isotropic etching removes the layer part of a clad part as a formation 
method of this concave part, and the method of combining selective exposure and 
development can be considered. In performing isotropic etching, in the surface of a clad part, 
the etching mask which has an opening in either [ upper / at least ] an incidence side mirror 
member or an emission side mirror member is formed, and it removes the layer part of this 
clad part expressed in this opening. The wet etching using a suitable etching reagent or the dry 
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etching which makes a radical reaction a subject can perform isotropic etching typically. 
[0017]On the other hand, in order to form a concave part by selective exposure and 
development, it will be the requisite that the clad part is constituted with the photosensitive 
material represented by photoresist. And if it takes into consideration making the advance part 
of the photochemical reaction by exposure limit to the layer part of a clad part, it is preferred to 
use the photosensitive materials of the positive type with which depolymerize advances in an 
exposure part especially practically. 
[0018] 

[Example]Hereafter, the concrete example of this invention is described. 
[0019] Example 1 -- here, the example of 1 composition of the lightwave signal transmission 
systems which have a high propagation control layer of a refractive index rather than a clad 
part and by which the interface of a clad part and a propagation control layer was made the 
convex toward the incidence side mirror and the emission side mirror is explained, referring to 
drawing 1 . In drawing 1 , the optical waveguide which extends in the field inboard is formed on 
the substrate 1. This optical waveguide surrounds the core 3 by the clad 2 which consists of 
material whose refractive index is lower than this. In a process top, the above-mentioned clad 
2 is divided and formed in the lower clad layer 2L and the upper clad layer 2U. The incidence 
side mirror 4 and the emission side mirror 5 which have the light reflection surface sloping 45 
degrees are arranged on the incidence edge [ of the core 3 ], and emitting end side from the 
substrates face. 

[0020]On the above-mentioned clad 2, the high-refractive-index propagation control layer 6 is 
laminated. The convex part is formed in the interface of the clad 2 and the high-refractive-index 
propagation control layer 6 toward the above-mentioned incidence side mirror 4 and the 
emission side mirror 5, respectively. These convex parts will be the concave part 7, i.e., the 
incidence side concave part, and the outgoing radiation side concave part 8, if it thinks on the 
basis of the surface of the clad 2. In the surface of the above-mentioned high-refractive-index 
propagation control layer 6, the photo detector 10 is arranged on the part corresponding to the 
light emitting device 9 and the above-mentioned outgoing radiation side concave part 8, 
respectively in the part corresponding to the above-mentioned incidence side concave part 7. 
[0021]The above-mentioned light emitting device 9 places a light-emitting surface upside 
down, and the upper surface of the high-refractive-index propagation control layer 6 is 
equipped with it. The light emitted from this light emitting device 9 spreads the inside of the 
high-refractive-index propagation control layer 6 with a fixed angle of divergence, as shown by 
the figure Nakaya seal, but it is refracted in the place which reached the incidence side 
concave part 7, turns into propagation light which it converged almost in parallel, and spreads 
the inside of the clad 2. After being reflected with the incidence side mirror 4, and propagation 
light's entering into the core 3 and spreading the inside of this core 3, it is reflected with the 
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emission side mirror 5, and it spreads the inside of the clad 2 to the thickness direction (rising 
direction) of a base again. Although it emits a little, propagation light is refracted in the place 
which reached the outgoing radiation side concave part 8, spreads the inside of the high- 
refractive-index propagation control layer 6, converging, and enters into the photo detector 10 
also in the meantime. 

[0022]ln drawing 1 , it is drawn so that light may go the inside of the above-mentioned core 3 
straight on, but this is an expedient top of a graphic display to the last, and it cannot be 
overemphasized that it spreads while the light which entered within the limits of the 
predetermined critical angle actually repeats total internal reflection by the interface of the core 
3 and the clad 2. Thus, according to the above-mentioned lightwave signal transmission 
systems, since it converges propagation light in the preceding paragraph and the latter part of 
an optical waveguide, respectively, the coupling efficiency of the light emitting device 9 and an 
optical waveguide and the coupling efficiency of an optical waveguide and the photo detector 
10 have been improved. 

[0023] Example 2 -- here, the example of 1 composition of the lightwave signal transmission 
systems of the lamination type which laminated the structure which provided the concave part 
in the interface of a high-refractive-index propagation control layer and a clad part to the three- 
stage is explained, referring to drawing 2 . Drawing 2 is an example of the lightwave signal 
transmission systems by which the optical waveguide of three layers was laminated by the 
thickness direction of the base. The component of the 1st layer which is a layer right above the 
substrate 11 side The clad 12a, the core 13a, The incidence side mirror 14a, the emission side 
mirror 15a, and high-refractive-index propagation control layer 16a; The component of the 2nd 
layer on it Clad 12b, The core 13b, the incidence side mirror 14b, the emission side mirror 15b, 
and high-refractive-index propagation control layer 16b; Let the components of the 3rd layer on 
it be the clad 12c, the core 13c, the incidence side mirror 14c, the emission side mirror 15c, 
and the high-refractive-index propagation control layer 16c further. 
[0024]ln each class, the incidence side concave parts 17a, 17b, and 17c and the outgoing 
radiation side concave parts 18a, 18b, and 18c are formed in the field side of the dads 12a, 
12b, and 12c and the high-refractive-index propagation control layers 16a, 16b, and 16c, 
respectively. In the example shown in drawing 2, in order to make production easy, all the 
formed patterns of the concave part in each class are made common. The light emitting 
devices 19a, 19b, and 19c and the photo detectors 20a, 20b, and 20c corresponding to these 
each class are arranged by the upper surface of the high-refractive-index propagation control 
layer 16c of the top layer, respectively. Each of each components of these lightwave signal 
transmission systems follows a spacial configuration which does not block the optical coupling 
of other layers mutually. 

[0025]ln this composition, the light from the light emitting device 19a passes the incidence side 
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[ three places ] concave parts 17c, 17b, and 17a and the dads 12c, 12b, and 12a of three 
layers, A course can be bent with the incidence side mirror 14a, the core 13a of the optical 
waveguide of the 1st layer is passed, it is reflected by the emission side mirror 15a, the 
outgoing radiation side [ three places ] concave parts 18a, 18b, and 18c and the dads 12a, 
12b, and 12c of three layers are passed, and light is received by the photo detector 20a. 
Similarly, the light from the light emitting device 19b passes the incidence side [ two places ] 
concave parts 17c and 17b in the preceding paragraph of the optical waveguide of the 2nd 
layer, and passes the outgoing radiation side [ two places ] concave parts 18b and 18c in the 
latter part. The light from the light emitting device 19c passes the incidence side [ one place ] 
concave part 17c in the preceding paragraph of the optical waveguide of the 3rd layer, and 
passes the outgoing radiation side [ one place ] concave part 18c in the latter part. That is, 
many concave parts will be passed in the preceding paragraph and the latter part of an optical 
waveguide as the light introduced into the optical waveguide which is in a deep layer from the 
surface of a base, and it will converge propagation light at every time. Therefore, the light-path- 
length dependency of coupling efficiency like before is canceled, and good coupling efficiency 
is attained also in the layer of which depth. 

[0026]ln the example shown in drawing 2 , the eases of production were borne in mind and it 
also has the concave part which is covered by the mirror of an upper layer writing all the 
formed patterns of the concave part in each class as it is common depending on a layer, and 
has not contributed to convergence of light at all. Then, the formed pattern of a concave part is 
changed for each class, and it may be made not to form from the beginning the concave part 
of the part which does not contribute to convergence of light. The propagation light which 
passes the optical waveguide which is in a deep part from the surface of a base on the other 
hand will also pass many concave parts of the same form. Of course, this is available and it is 
also possible by optimizing the refractive index of a high-refractive-index propagation control 
layer, and the curvature of a concave part for each class to reduce the number of the concave 
parts which should pass. 

[0027] Example 3 - here, the manufacturing process in the case of forming a concave part by 
etching is explained, referring to drawing 3 thru/or drawing 6 , using a polymer material as the 
optical waveguide of the lightwave signal transmission systems shown in drawing 1 shown 
above, and a component of the high-refractive-index propagation control layer 6. First, on the 
substrate 1 which consists of materials, such as silicon and glass, as shown in drawing 3, For 
example, through the spin coat of polymethylmethacrylate, and heat treatment, rather than the 
lower clad layer 2L and this lower clad layer 2L, the core layer with a high refractive index was 
laminated in this order, then this core layer was patterned, and the core 3 was formed. This 
patterning is performed by the dry etching through the metal mask which is not illustrated, for 
example. 
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[0028]Next, as shown in drawing 4 , the incidence side mirror 4 and the emission side mirror 5 
were formed in the incidence edge [ of the above-mentioned core ], and emitting end side. 
About both these mirrors 4 and 5, by drawing 4 , it is illustrated as the reflection film is 
laminated on the inclined plane of the suitable substrate which has triangular sectional shape, 
but this is also an expedient expression, and the inclined plane of a substrate may be used as 
a reflector as it is, without forming a reflection film. When forming this substrate using the core 
3 and an identical material layer, in the stage shown in drawing 3 shown above, it can also 
leave the portion which serves as this substrate to the both ends of the core 3. The upper clad 
layer 2U is evenly formed through a spin coat and heat treatment all over a base. Besides, the 
part cladding layer 2U consists of the same material as the lower clad layer 2L, and constitutes 
the clad 2 which has two incomes with this lower clad layer 2L, and encloses the core 3. 
[0029]Next, as shown in drawing 4 , the etching mask 21 which consists of metallic materials, 
such as aluminum and Ti, was formed in the upper surface of the above-mentioned clad 2. 
[ above the incidence side mirror 4 and the emission side mirror 5 ], the opening 22 is formed 
in this etching mask 21 . Next, the layer part of the clad 2 which performs isotropic etching 
using oxygen plasma, for example, and is expressed inside the above-mentioned opening 22 
was removed, and as shown in drawing 5 , the incidence side concave part 7 and the outgoing 
radiation side concave part 8 were formed. Next, as shown in drawing 6 , after exfoliating the 
etching mask 21, the high-refractive-index propagation control layer 6 was evenly formed by 
carrying out the spin coat of the polymer material whose refractive index is higher than the 
polymethylmethacrylate which constitutes the clad 2 all over a base, and stiffening this through 
heat treatment. Then, in the surface of the high-refractive-index propagation control layer 6, 
the photo detector 10 was mounted above the incidence side concave part 7 above the light 
emitting device 9 and the outgoing radiation side concave part 8, and lightwave signal 
transmission systems as shown in drawing 1 shown above were produced. 
[0030] Example 4 - here, a photosensitive polymer material is used as a component of the clad 
2, and how to form the incidence side concave part 7 and the outgoing radiation side concave 
part 8 by the photolithography and a development is explained, referring to drawing 7 and 
drawing 8 . First, as shown in drawing 7, even formation of the upper clad layer 2U was 
performed like above-mentioned Example 3. However, the lower clad layer 2L and the upper 
clad layer 2U were formed using positive type photosensitive polyimide. Next, a part of upper 
clad layer 2L was selectively exposed for example, using g line via photo-mask PM. On the 
mask substrate 23 with this transparent photo-mask PM, the light shielding layer which 
consists of Cr films is formed with a predetermined pattern, and the opening 25 for irradiating 
the upper part of the incidence side mirror 4 and the emission side mirror 5 with exposing light 
hnu is formed. Contact exposure or proximity exposure may be sufficient as the exposure at 
this time. However, since the whole thickness of the clad 2 could not be exposed, the light 
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exposure was set up carefully. 

[0031]Next, when negatives were developed using the alkali developing solution, the exposure 
part which carried out depolymerize by the photochemical reaction was dissolved, and as 
shown in drawing 8 , the incidence side concave part 7 and the outgoing radiation side intaglio 
part 8 were formed. Formation of the next high-refractive-index propagation control layer 6 and 
mounting of the light emitting device 9 and a photo detector of 10 were performed like Example 
3. 

f00321 Example 5 -- here, the lightwave signal transmission systems which provide the low 
propagation control layer of a refractive index rather than a clad and by which the interface of a 
clad and a propagation control layer was made the convex toward the light emitting device and 
the photo detector are explained, referring to drawing 9 . In drawing 9 , the optical waveguide 
which extends in the field inboard is formed on the substrate 1. This optical waveguide 
surrounds the core 3 by the clad 26 which consists of material whose refractive index is lower 
than this. In a process top, the above-mentioned clad 26 is divided and formed in the lower 
clad layer 26L and the upper clad layer 26U. The incidence side mirror 4 and the emission side 
mirror 5 are arranged on the incidence edge [ of the core 3 ], and emitting end side like 
Example 1 . 

[0033]On the above-mentioned clad 26, the low-refractive-index propagation control layer 27 is 
laminated, and further in the surface of this low-refractive-index propagation control layer 27. It 
is mounted in the upper position of the incidence side mirror 4 by the light emitting device 9 
placing a light-emitting surface upside down, and the photo detector 10 places an acceptance 
surface upside down, and is mounted in the upper position of the emission side mirror 5. Let 
the interface of the clad 2 and the high-refractive-index propagation control layer 6 be a convex 
toward the above-mentioned light emitting device 9 and the photo detector 10, respectively. 
That is, the incidence side convex part 28 and the outgoing radiation side convex part 29 are 
formed. 

[0034]ln this composition, the light emitted from the above-mentioned light emitting device 9 
spreads the inside of the low-refractive-index propagation control layer 27 with a fixed angle of 
divergence, as shown by the figure Nakaya seal, but it is refracted in the place which reached 
the incidence side convex part 28, turns into propagation light which it converged almost in 
parallel, and spreads the clad 26. After being reflected with the incidence side mirror 4, and 
propagation light's entering into the core 3 and spreading the inside of this core 3, it is reflected 
with the emission side mirror 5, and it spreads the inside of the clad 26 to the thickness 
direction (rising direction) of a base again. Although it emits a little, propagation light is 
refracted in the place which reached the outgoing radiation side convex part 29, spreads the 
inside of the low-refractive-index propagation control layer 27, converging, and enters into the 
photo detector 10 also in the meantime. Thus, according to the above-mentioned lightwave 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwvm 9/4/2008 



JP,2000-039530,A [DETAILED DESCRIPTION] 



Page 11 of 11 



signal transmission systems, since it converges propagation light in the preceding paragraph 
and the latter part of an optical waveguide, respectively, the coupling efficiency of the light 
emitting device 9 and an optical waveguide and the coupling efficiency of an optical waveguide 
and the photo detector 10 have been improved. 

[0035]As a formation method of the above-mentioned incidence side convex part 28 and the 
outgoing radiation side convex part 29, For example, a method of sticking on the upper surface 
of the flat upper clad layer 26U the member formed in convex lens shape using the same 
component as the clad 26, The concave part is formed in the method and the low-refractive- 
index propagation control layer 27 which perform direct shape working to a clad surface by 
laser abrasion by isotropic etching or a photolithography, and the method of embedding the 
same material as the clad 26 at this concave part is possible. 

[0036]As mentioned above, although this invention was explained based on the example of 
five examples, this invention is not limited to these examples at all, and change, selection, and 
combination are possible for it about details, such as arrangement of the processing method of 
an optical waveguide or a mirror member, the number of laminations of an optical waveguide, 
a convex part, or a concave part, suitably, for example. 
[0037] 

[Effect of the lnvention]According to this invention, mounting in near [ of the end face of an 
optical waveguide ] uses a difficult surface light element and a field photo detector so that 
clearly also from the above explanation, Also in the lightwave signal transmission systems 
which need to make the thickness direction of a base spread light as that result, propagation 
light can be completed by the refractive index of a material layer and the control of interface 
shape by which it is placed between these thickness directions. Therefore, the coupling 
efficiency of the input-and-output light between each component in a system is raised, and 
stable lightwave signal transmission is attained. Thereby, since the light-path-length 
dependency of coupling efficiency is canceled, the performance and reliability of lightwave 
signal transmission systems of a lamination type are also improved. Since the above- 
mentioned interface shape can be formed in self align by isotropic etching or a 
photolithography, manufacture of the above-mentioned lightwave signal transmission systems 
is easy. Therefore, this invention serves as indirect support of the high speed and densification 
of the signal wiring in various electronic equipment, and the industrial value is very large. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
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f * * a©HMM*c * r , as **JR 0 a* S> 
SflWT*. @2tf, 3H©ft*jfi»^S#<0»**iaiK: 

fltoHLb&e-ca&SJ 1 ■©ttJ8MM*» ? * h" 1 2 
a. 5713a. 14a. HUMS 9-1 

5 a fcJ: CfifiW*efRMSMI 16a; t©±©«2 
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8 

B©!*'!******? ? K 1 2 1), 27 13 b, AttflU 
^—141), UitiflU ? - l 5 b b*U&Wi*fflM 
mm 1 6 I) ; S tc *©±©» 3 B©4fMMttt * ^ 
?K12c, 57 13c. AWBU9-14C. W&fliJ 
$9-15 c fe£cntflff*GiHM9fB i 6 c t^nx 

[0 02 4 ] SBccfei-t:. *5^F12a. 12b. 
12ciiS5S»f$eft*J{M!ai6a, 16 1), 16c<t 
0>S??Stc{i. Atf0l9ifi5|l! 7 a, 17 1), 1 7 c «5 
10 Jr^USiflloaffiSPl 8 a, 18 1). 1 8 c*tivtns 
AStiri<« f @2tC7n5tl4«T?i*. if 

6 c©±ffltc«. cn^*BtcS*lST 1 9 
a, 19D. 1 9ci«*aRT20a. 20b, 20c 

fti » j: o ttsffl iescc utetf ^ r i * « • 

[ 0 0 2 5 ] ***Hfl»:*ll*'C, ^SS^ 1 9 a*>fe 
20 <3r>7ti*3 ^7fiW> ASiflJfflffilP 17c, 17b. 17ai 
3m<D*y ? K 1 2 c, 12b. ! 2 a-SrilifiU. AS* 
ffls 2- 1 4 a «KB*Btf fenrJII 1 H<Ojfc^igSS<?> 
r27 13a*iiBl/, 7- 1 5a*cj:0iSW« 

n. 3^9rOlli««liafflSH8a. I8b, 18ci3 
■©>5?K12a. 12 b, 1 2c*aiil/ 1 C«jiaR 
«0atc*ftan«. l^jStc, |MlB*?l9b»i&fi) 
j&S . ^2 ■«>4s»aBK>Hat l 2 a jtfOASifllDaSSE 
17c. I7b=&iii&l/. $Ai^SX'2^7^<OUHfi!lig 
SSU 1 8 b . 18c ^ShT^o ^tSS^ 1 9 c 
30 jte*. MSSCftWSlBOHnK'Cl^^AMBDflBa 
1 7 c&51ilb. ftfcttR-C 1 t7$r<D&m\&mn 8 

[0 02 8] aid, H2«C'Sbfc«C«, ff«<Z>«S3 

cc^g[ $ nr 4sc«uftcc£ < i/c c ift i>(Hiffi£iit>4i 

^>g|(r 4Hft(Cft Miliar ^ eflijfeti. R l>» 

C . ft*eiRtllaBcn«r*1>|!!IBS 
C0S$«:SiSC<LtCSa{tTi>C<t^J:0, iiHT^* 

GaB*Da*®6f c^iiiffix 1 **, 

50 [ 0 0 2 7] jgjjSgy 
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Kcl^D-bAK^T, B 3fttH/0 6 t*JRl/W6 
a^Tic «r. @3K*3n&J:5K, fU:i>t># 
? * 3©tft*fc h ft h&fc 1 ±k , fc 4 * lt# l J > * ;t 
>• * * U U - h (OX e > 3 - \ J: fitfa««:«*CT« 

t*. fc4Alffl*$nftir*>*^ • -?***/rt/fcF5 
[0028] JJWC, 04 ±12370 
&JBeU/fc 0 C * ? - 4 , 5lMl»t\ 84?!*= 

awe asr* o . saiii* 3Jjs? * c 4 ft < Stto^is* 
H*-eoa*R«ffl4i/cffl^T*>A<r». Sfc. cos 

c>±Bccfc t x t*>3 - h * j: w »«ata'c±* 

» 9 ? Ffl 2 U Wttccsa* * 0 C ©±» > 9 ? FB 
2 u «T» > * » FB 2 L £H tttttt* ^> ft 9 . «T« 
FJS2L 4£MUC373*B9Hfr*** F2 

[0 02 9] B4iMRSn4J:9«C 1 Itetvv 
F2ecLbffl£fc4;U*A 1 . T i 4ro£Btttt#>6&6 

■***2 ItCtt. A8t«l5-9-4*j*tffflfit«5^'-5 
©±#K*H**BP2 2#Rtf&4TC<r»*. *K. fed 

±bbq 2 2 ©Fsastc&wr* » 5 » f 2 

*L. B5cc«8ft*J:9K v A8M0flBB7 4ttttfl 
Hffi»8 4«Bsftl/fc. B6K*<*n4£$lC % 
x**>y v*i>2 leMBl/feft. S#<D£®oci> 
7 9 F2 tttartsK M > * > 'J i*- h * 0 

Cft£*Ift<*tf*C4K£0, &A*r*£MM90B6 * 
bfc. CflHft. ttB«r*eaHBB6c»kB 
tcisvx* AttB3ffl«7©±#fc«ft»*9. ttUHfld 
E3B»8©±*<Cjt««* 1 0 **KU M&CB 1 « 

[0 03 0] §Mi 

CCttt, »**K2^*IW4UX«*IM*ffl# 
HefiBO. MH*3B»7 4B««ISIBB84*7rf 

7idJrcXB8t»wi/ft^6Sflflr-&. *t\ @7tcm 
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m&mtm&wjifc, tatu, t»»9*fb2l 

4±8&* 9 ? FB2U l**S«««tt#U 5 FtBl' 
TTJfMl/fc, SKK, h-?A*PM*/K/f±Sli*5 
? FB2L <^S^fe4*tf 6r«*^»t:i8«W^3|* 
Wc. hTXJPMtt, aWft^A»«B2 3 

$9-5«»Jb*»»icB**h v*Btfy*fc»CD«P 

2 5#»WMVCI**. C ©4 3>^^h 

F 2 edtt $ it^C lift ^>,H u ><OX\ S^tfili 

[0 03 1 ] 3«e, 7.'U* iJi|fltn«fflC*rBB«fT^ 
B8ccm«n«J:9(C7JMWaBB7 4UMm 

vmtii, ft*S J F9 4S7£* : fa>io©^li. 

3 4Pit|tc^To?Co 

[ 0 0 3 2] gagj 
20 CCtlt »9*FJ:9^Btt4U!>|Ki^HHBB<rB 
» . *o > 9 ^ F 4 8Wi d^jfeSti 1 4d J: O' 

Si£S^^^^riSffl43nfejfe(i#(S2i^^^^K: 

-Pii-C, B9*#Hlf*#MMrr*. B9tcfetr»r, 
SS 1 ±(c»««BAMKttttdn«jlH^^A 
SftTl^. CfiD*WffiB«. 273^cnJ:D®f/r* 
(0t£c4ttt^>6^-6 > v * F2 6 tT'SBl/fefcO'C* 

±S»9^F26tt. Htt±irF»>9? FB26 
l4±^^^^- FB2 6u ic&ixirm$totct>v>v*i 

3730>A«S»]4a«3g»JtCk*. «*«l4«ai 
30 ft AS*»J^5-4 4BHffl^9-5^E$n'CC^ 0 
[ 0 0 3 3] ±12 > 9 ? F 2 8 fl>±ic aEBBK^EetlM 
HW27#»BSJvtfcD. $fe«lC®ttffl*r*ea8W 

2 7 cosffiKli, AUffl ^ ? -4 ©±*ttB(c«t 

r*BSn-Ci»*. > 9 ^ F2 4MBK*@HHWI8 
4©»Btt, * ti-en±S2a*X J ?-9 idJ: O'SiES^ 1 
0^(W)^rflS4SnTC»-6o *ftte*. AWBflffl 

40 [ o 034] ^MftiiiecM'r , itaifcfcSH 1 9/»^> 

ftfl * -j T7i£®i/rmGfiB»i2 2 7 ^BtreBf * 
AlHB9BM2 8icB(/te4C4'CB*rO. «B¥ 
?f^^$nfce»*:4^ ->X Z v ? F2 6 *ESW 

eaijfciiAHW ^-4 tsms nr a 7 3 ka*» 

l/. tta73+*SI»bfc«, B^S^-S-CKMS 
ntsy : t ? 9 F2 6 **S#<W»#ffl (±H#M) 

«lflffifiJ52 9icai/fc4C^fS*rb. JRA$n^6 
50 «S*f*eiltSllfMS2 74 1 «:e»l/. «*»*10ttlA 
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SitZo CO* Sic, ±te<oMt^££i'*rUcj:ti 

ami**** i o £0t£stt*#a»snfe. 

[ 0 0 3 5 ] ft*. ±ia©A3i«teESH2 8 fe JtffflM 
flkQiffi«2 9©»l!***it,TM:, fc£ * 1**7 ? K2 

T«a±* * 7 ? KM 2 6 u ©±Bfctto ftw**tt, 

ftlBtfSJ[iI&tT$-fr£, BJl»*eaHaW12 7(C9* 10 
l/c 4a*. CCEBMBC*** K2 6&ni>#H«B« 
[ 0 0 3 6] «±, 5 «©*JS«K ^i^t^i: 

t>©*clift< . iztjLl&twm+s *«-«tt©*ni# 

*WftH©SS», affi«MgBg|^i«5©KI« 
[0 03 7] 

x^A^^t^Cib, c©s#*isitc:ftasn*ttME© 

IS£ft* B cticejo, ttd^c^Bftttfftt^iim 
tth&usti*. ±&onti&R\t. mirttJ-??>y 30 

weaoS* * asfltf k©B*«S» t ft 6 fc©-c* 

•J. «CE)ttftJ:9MMi»rA0vs 
[0ffi©»Sftgz^] 

[0 i ] *ftna*OTes£'A? A©-«.«w*sr 

«&WlftBB'C*6. 

*'a^©Hg6£flft^£3ft&EBrfc£, 40 

[B3 ] H 1 ©5Eff^eSt^^A©|iSi-&S<C4d^ 



tfH2 0 0 0-39530 
l? 

[04] @3©*5? K©Jb-Cx*f >jf • 
* - - > ^ Ufctfa*m-*"«2?«8lHiBt?*«. 

[05] 14(0X9 ^A*£rtl/T" F© 

*B»*x**:>y¥*C±CCJ:#). A^flUlHlSSlliaj 

*. 

[ H 6 ] B 5 © * 5 * K©±BK]UBftr*£ttH9IB* 
fag U ttsOHMBB t?*> * 0 

[07] -*»?B©3t;ff^eS^A^A©Sgai*a©fife© 
«Bc*rt-r, #«BB*lt*»**tt**6ft*>*? F 

-r«^ftKHB-C*&. 

[B81B7©«* Fa^Jlftl/CAWiSSOflagRffl 

*. 

[09] K©*BK£iBS*Ifirtf, *-7*©±cc 

r A©tt©^fl« ATMMflMiBB'C* «. 
[0 1 0 ] «*©*<I^eS^A^A©183£^^fel^ 

[01 ! ] HI 0©a T© AE^tSK A£MJ ^7 - 4 S 
iB^-tBU ±B***KB*BBLrTftBattl 

[0 1 2 ] ® 1 1 ©*»aBccft*#-f 4ft 

*fi» at)* rises;* ftfcffi*©jW*ea&5' a f a©# 
[013] ^^ftsaam^i/^«*©^s^fe^ 

i/A f-i»©-»«flft7n-r*S«KifiB'C*& t 

1-StR 2, 12a, 12b, !2c, 2 6**5? 
F 2L , 26L ~TB*** KB 2u,26l-± 
SH?H 3, 13a, 13D, 13-374, 1 

4 a, 14 1), 14c-M*«U^- 5, 15 a, 1 

5 b, 1 5 c-Uttfll$*- 6, 16a. 16 b. 1 

6 c-?S@*T$ell«|!(fiai!S 7. 17a. 17b, 17 
c-AS*flllcaffli» 18, 18a. 18b. I8c-ffi 
MffilGflBtf 9, 19a, 19 1). 19c---&£ft? 
20, 20a, 20b. 2 0 c 2 1-x? 

2 7 -tfiBff*@emaiB 2 8 -a 

Sfillfl®^ 2 9-HMMaBB PM~7*h-?A* 
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